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Abstract 
Background: Research with the Think/No-Think (TNT) task has shown that voluntary 
suppression of an unwanted memory may lead to its later forgetting. To date, however, no 
study has assessed the memory suppression abilities in alcohol-related contexts despite the 
potential implications that it might have for alcohol research. With this aim, we developed a 
new version of the TNT paradigm, the Think/No-Think Alcohol (TNTA) task, which consists 
of 36 neutral pictures paired with 36 alcohol/no-alcohol images that are instructed to be 
suppressed or recollected. Methods: Electroencephalographic activity was recorded from 64 
electrodes while 20 young healthy females performed the TNTA task. The event-related 
potentials (ERPs) typically involved in memory suppression/recollection were analyzed, 
namely the fronto-central N2, the late parietal positivity (LPP) and the frontal slow wave 
(FSW). Results: Findings revealed reduced recall for previously learned images that were 
subsequently instructed to be suppressed (No-Think) relative to those instructed to be 
retrieved (Think) and those not cued to be suppressed or retrieved (Baseline). This reduction 
seemed to be more prominent for alcohol-related memories. In addition, ERP analysis 
showed that compared to attempts of recollection, attempts of memory suppression were 
associated with attenuated LPP amplitude –more pronounced for alcohol-related memories- 
(indicating reduced conscious recollection for No-Think images) as well as with increased 
FSW (suggesting strategic control aiming at decrease accessibility of unwanted memories). 
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findings in the TNT paradigm and suggest that the TNTA task may be a useful instrument to 
measure the ability to suppress alcohol-related memories. 
 
Keywords: Memory Suppression, Recognition Memory, Think/No-Think, Event-Related 
Potentials, Alcohol Images  
 
1. Introduction 
Most individuals recall events they actually would prefer not to remember, including 
unpleasant or embarrassing memories from the past. What is less intuitive is the fact that 
some of these unwanted memories may indeed have been willingly removed from 
consciousness, thus promoting a subjective well-being (Nørby, 2015). Accordingly, several 
research lines suggest that people are able to voluntarily suppress memories of previously 
learned material (Depue, 2012; De Vito and Fenske, 2017; Hellerstedt et al., 2016; Lambert 
et al., 2010; Levy and Anderson, 2012; Waldhauser et al., 2012). In other words, some 
memories may become inaccessible as a result of several attempts of avoidance, a 
phenomenon known as suppression-induced forgetting or suppression of memories 
(Anderson and Hanslmayr, 2014; Banich and Depue, 2015; Murray et al., 2015). 
One of the most used experimental paradigms to examine the intentional memory 
suppression is the Think/No-Think (TNT) task, a memory adaptation of the classical 
Go/NoGo task typically used to study suppression of motor responses (Huster et al., 2013). In 
this experimental approach, subjects are asked to learn cue-target pairs to a high degree of 
accuracy (Anderson and Green, 2001). Subsequently, only the cues are presented and they are 
instructed to either recall (Think condition) or suppress (No-Think condition) the other 
member of the pair (target). Through this task, numerous studies have found that memory for 
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be retrieved (Think items) and, most importantly, to items previously learned but not cued to 
be suppressed or recalled (Baseline items) (Benoit et al., 2015; Kim and Yi, 2013; Detre et 
al., 2013; Noreen and MacLeod, 2015). This mechanism of memory suppression has been 
related to increased activity in brain regions associated with inhibitory control, such as the 
inferior frontal gyrus or the dorsolateral prefrontal cortex, as well as to reduced activation in 
the hippocampus and sensory processing areas (Anderson et al., 2004; Depue et al., 2007; 
Gagnepain et al., 2014; Hulbert et al., 2016).  
Event-related potential (ERPs) studies using the TNT paradigm have determined the 
presence of a number of ERP markers involved in attempts to suppress and/or retrieve 
memories. One of the most consistent findings is the reduction of the parietal memory effect 
for No-Think trials as compared with Think trials (Bergström et al., 2007; Cano and Knight, 
2016; Chen et al., 2012; Depue et al., 2013). The parietal memory effect (also referred to as 
the old/new effect or the retrieval success effect) consists of a greater positivity for old (i.e., 
previously studied) items in comparison with new items (Doidge et al., 2017; Paller and 
Kutas, 1992; Rugg et al., 1996; Smith, 1993; Vilberg and Rugg, 2008). This positive wave, 
which arises approximately 400-800 ms after stimulus presentation, is largest over parietal 
scalp locations –often lateralized to the left hemisphere (Allan et al., 1998; Doidge et al., 
2017)- and has been interpreted as an index of successful recollection (Friedman and 
Johnson, 2000; Rugg and Curran, 2007; Wilding and Ranganath, 2012; Yonelinas, 2002). 
During the TNT task, this late parietal positivity (LPP) is typically smaller for No-Think 
items than for Think items (Bergström et al., 2009b; Cano and Knight, 2016; Depue et al., 
2013; Mecklinger et al., 2009; Zhang et al., 2016). The reduction in the LPP amplitude linked 
to the attempts of suppression is considered the ERP correlate of the attenuation of 
recollection-related activity in the hippocampal-parietal cortical network (Chen et al., 2012; 
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Additionally, a negative deflection over the fronto-central region has been 
documented in several studies (Bergström et al., 2009a; Chen et al., 2012; Streb et al., 2016) 
when subjects try to suppress previously learned items. Both the spatial localization and time 
window (~200-400 ms post-stimulus) has led some researchers to consider this component as 
functionally equivalent to the N2 waveform typically recorded in tasks involving cognitive 
control, such as the Go/NoGo task or the Stop signal task (Falkenstein, 2006; Huster et al., 
2013). Thus, it is suggested that the fronto-central N2 component recorded during No-Think 
trials reflects the engagement of the prefrontal cortex (PFC) in the inhibition of the temporo-
hippocampal activity, resulting in a gradual reduction of memory strength (Mecklinger et al., 
2009; Streb et al., 2016). 
One additional ERP finding reported from some studies using the TNT task is a more 
positive frontal slow wave (FSW) during memory suppression relative to memory retrieval 
(Bergström et al., 2007; Mecklinger et al., 2009; Waldhauser et al., 2012). This slow wave, 
usually arising between 600-900 ms, is considered to be engaged in the strategic control of 
memory retrieval and, ultimately, in regulating (i.e., decreasing) the accessibility of unwanted 
memories in favor of intended recollections (Mecklinger, 2010; Waldhauser et al., 2012).  
Recent research suggests that memory suppression may be impaired in several psychiatric 
conditions, such as posttraumatic stress disorder (Catarino et al., 2015), attention deficit 
hyperactivity disorder (Depue et al., 2010) or depressive disorders (Joorman et al., 2009). In 
the same vein, several studies point to abnormalities in memory control mechanisms of 
alcohol-dependent individuals as measured by the direct forgetting procedure (Noël et al., 
2009; Todor, 2007) and the TNT task (Nemeth et al., 2014). Specifically, the Nemeth et al.’s 
study observed that, while alcohol-dependent patients did not differ from healthy controls in 
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decline of episodic recall in alcoholics, indicating that the capacity to suppress retrieval was 
impaired in these patients (Nemeth et al., 2014). 
While it is known that it may be particularly difficult for individuals with alcohol abuse to 
refrain from thinking about alcohol when confronted by alcohol cues (Garland et al., 2012; 
Klein, 2007; Palfai et al., 1997), no study has yet used alcohol-related pictures within a TNT 
paradigm for assessing the ability to inhibit memories, probably because there is not yet a 
validated task examining the memory suppression abilities in alcohol-related contexts. 
Therefore, the purpose of the present study was to develop the Think/No-Think Alcohol 
(TNTA) task, a version of the TNT paradigm specifically designed for evaluating the 
individuals’ ability to suppress alcohol and no-alcohol memories. We also aimed at testing 
whether the TNTA task was able to elicit –in young healthy subjects- the same behavioral 
and electrophysiological characteristics as such observed from the classical TNT task. 
Specifically, we hypothesized a below-baseline recall of No-Think items (i.e., memory for 
suppressed images would be reduced as compared to memory for baseline images) and that 
such a difference would be greater for alcohol-related pictures. Additionally, we expected 
that No-Think items would evoke an increased frontal N2 and an enhanced FSW as well as a 
reduced LPP in comparison with Think items. 
 
2. Material and Methods 
Participants 
Thirty-six college and PhD students at the University of Minho (UM) were recruited 
for this study. All participants provided written informed consent prior to assessment. The 
exclusion criteria, assessed through a semi-structured interview, were as follows: non-
corrected sensory deficits, history of traumatic brain injury or neurological disorder, personal 
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medical drugs with psychoactive effects (e.g., sedatives or anxiolytics) during the week 
previous to the assessment, use of illegal drugs except cannabis as determined by the Drug 
Use Disorders Identification Test-Extended (DUDIT-E; Berman et al., 2007), scores ≥ 20 in 
the Alcohol Use Disorder Identification Test (AUDIT; Babor et al., 2001) and a score above 
90 in the Global Severity Index (GSI) of the Symptom Checklist-90 revised questionnaire 
(SCL-90-R; Degoratis, 1983) or in at least two of the symptomatic dimensions. A total of 25 
participants (all of them females) who met the inclusion criteria were selected to perform the 
experiment. Five participants were excluded from posterior behavioral/EEG analysis: one of 
them because of extremely low performance in the learning phase of the TNTA task and the 
other four participants due to insufficient quality in the EEG signal, remaining a total of 20 
participants (1 demographic and alcohol/other drugs consumption data are summarized in 
Table 1).  
The study was approved by the Ethic Subcommission of Social and Human Sciences 
of the UM and the procedure was undertaken in accordance with the Code of Ethical 
Principles for Medical Research Involving Humans Subjects outlined in the Declaration of 
Helsinki (Brazil, 2013). 
 
Think/No-Think Alcohol Task 
Based on the classical TNT task and on further modifications (Depue et al, 2007), 36 
alcohol and no-alcohol pictures obtained from the Galician Beverage Picture Set (GBPS; 
López-Caneda and Carbia, 2018) were paired with 36 images of neutral objects obtained 
from the POPORO database (Kovalenko et al., 2012). 
The GBPS is a database of alcohol and no-alcohol pictures embedded in real-life 
scenarios which comprises six types of beverages: beer, wine and liquor (alcoholic drinks), 
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each of the six beverages. The pictures also differed in terms of orientation (vertical or 
horizontal) and number of people (no people, one person, two or more people). As such, 
within each type of beverage, three were vertical (each one with a different number of people: 
0 people, 1 person, 2 or more people) and the other three were horizontal (also with 0 people, 
1 person, 2 or more people). The valence and arousal scores reported by the no/low drinkers 
(N/LDs) and the risky drinkers (RDs) in the study of López-Caneda and Carbia (2018) were 
taken into account for the images selection. Thus, those 18 alcohol-related images rated by 
RDs as more pleasant and arousing in comparison with N/LDs were selected for the alcohol 
pictures category. Furthermore, those no-alcohol pictures considered by N/LDs as being more 
pleasant and arousing in comparison with RDs were included within the no-alcohol pictures 
category. 
On the other hand, for the selection of the 36 neutral objects images, 285 psychology 
undergraduate students rated –by mean of the Self-Assessment Manikin (Bradley and Lang, 
1994)- 106 images of the POPORO database. The 36 pictures classified as more neutral –
those with values closer to 5 for both valence (M = 4.8 ± 0.5) and arousal (M = 4.7 ± 0.4)- 
were extracted and randomly paired with the 36 alcohol/no-alcohol pictures.  
The TNTA task was programmed in the open-source software Psychopy (Peirce, 
2007) and included three phases: an initial learning phase, the subsequent Think/No-Think 
phase and a final memory test phase (see Figure 1).  
Learning Phase 
The learning phase consisted of the presentation of three series of 12 pairs (neutral 
object – alcoholic/non-alcoholic beverage). In each of the three series, participants were 
instructed to memorize all the object-beverage pairs, which were exposed for 4 seconds each 
at the center of a computer screen, in a randomized order and with an inter-stimuli interval of 
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were asked to recall –answering three questions- the associated target picture when being 
presented with the cue (neutral image). Questions were: Which beverage was associated with 
this picture? 1) water; 2) juice; 3) milk; 4) beer; 5) wine; 6) liquor”; “How was the picture 
oriented? 1) portrait; 2) landscape”; “How many people were there in the picture? 1) Nobody; 
2) 1 person; 3) 2 or more people”. Correct recall was only considered when participant 
provided the right answer to the three questions. Thus, the combination of the potential 
answers to the three questions (2 x 6 x 3 = 36) ensured that each target image displayed a 
unique combination.  
The three series of 12 pairs were presented at least twice and continued until 
participants were able to correctly recall the target pairs with at least 60 % accuracy. The 
recall accuracy in this phase did not differ between alcohol and no-alcohol pictures (Mean 
accuracy = 76.9 % ± 9.6 and 77.5 % ± 11.3, respectively; p = .86) 
Think/No-Think Phase 
 In this phase of the experiment, only the cue was presented. Participants were 
instructed to use the neutral picture as a memory cue to recall (Think trials) or to suppress 
(No-Think trials) the previously associated target picture. Therefore, 12 neutral object 
pictures served as Think trials, 12 as No-Think trials and the remaining 12 images were not 
presented during this phase and thus served as a behavioral baseline. All the pictures of this 
phase were presented for 4 seconds at the center of the screen (800-1200 ms inter-stimuli 
interval) and were repeated 10 times. 
In the Think condition (neutral pictures with a green frame) participants were asked to 
“think of the previously learned picture and keep it in mind during the entire presentation”. In 
the No-Think condition (neutral pictures with a red frame) they were instructed “not to let the 
previously associated picture enter your consciousness”. They were also asked to keep 
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the reminder. The sequence of trials was pseudorandomized, with the restriction that the same 
condition did not occur more than 3 times in a row. 
 
Memory Test Phase 
During the memory test phase, all the 36 neutral pictures were presented, including 
the 12 pictures of the baseline condition, which had not been presented in the Think/No-
Think phase. Participants were asked to recall the target picture that was initially associated 
with the cue, by answering the same three questions of the learning phase.  
Three different versions of the task (where all the pictures were part of the three 




Participants were asked to refrain from consuming alcohol at least 24 h before the 
EEG session. Additionally, they were instructed not to smoke, drink tea or coffee for at least 
3 h before the assessment. 
 
Each subject was seated in a comfortable armchair located in a light- and sound-
attenuated electrically shielded room. The EEG was recorded using the ActiveTwo Biosemi 
electrode system (Biosemi, Inc.) from 64 electrodes organized according the 10/10 system 
and sampled at 512 Hz. Vertical and horizontal electro-oculogram activity was recorded to 
control for eye movements and blinks. Two additional electrodes were placed on the mastoids 
bilaterally to provide the signal reference. The impedances of all electrodes were kept below 
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For the Think/No-Think phase, data were processed with BrainVision Analyzer 
software (Version 2.1). The EEG signal was corrected for vertical and horizontal ocular 
artifacts by independent component analysis (ICA) and re-referenced to the average 
reference. It was then digitally filtered off-line with a 0.1–30 Hz band-pass filter (12 
dB/octave) and segmented into epochs of 1600 ms (from −100 to 1500 ms after stimulus 
onset). Additionally, baseline correction was applied and epochs exceeding ±80 μV at any 
scalp electrode were rejected. 
Only trials corresponding to originally learned items during the learning phase were 
considered. There were no significant differences in the number of trials between the 
previously learned Think (78.90 ± 18.64) and the previously learned No-Think (83.75 ± 
15.19) cue-target pairs (p = .24). Additionally, these epochs were averaged separately 
according to the type of picture to be recalled or suppressed, thus obtaining four conditions: 
Alcohol Think, No-Alcohol Think, Alcohol No-Think and No-Alcohol No-Think. The 
number of trials did not differ significantly across these four conditions (p = .69): 39.5 ± 2.5 
(Alcohol Think), 39.3 ± 2.6 (No-Alcohol Think), 41.4 ± 2.4 (Alcohol No-Think), 42.6 ± 2.1 
(No-Alcohol No-Think). 
To quantify the ERP data, we calculated the mean amplitudes for each electrode in 
three time windows, namely 200-400 ms and 600-1000 ms for fronto-central locations and 
400-700 ms for parietal locations. Selection of the time windows and scalp regions was based 
on previous findings described above and on visual inspection of the ERP waveforms. 
Specifically, this selection was intended to quantify the N2, FSW and LPP components, 
respectively. As such, with the aim of exploring the N2 and the FSW amplitudes, we 
extracted the ERP data from six electrodes placed at left (F3, FC3), midline (Fz, FCz) and 
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data was based on the following scalp electrodes: left parietal (P3, PO3), midline parietal (Pz, 
POz) and right parietal (P4, PO4). 
A 2 x 2 x 3 x 2 analysis of variance (ANOVA) was conducted on the mean amplitude 
of each component separately. Factors were Condition (Think, No-Think), Content (Alcohol, 
No-Alcohol), Region (Left, Midline, Right) and Electrode (two electrodes). In all cases, 
where appropriate, degrees of freedom were corrected by the Greenhouse-Geisser estimate, 
and post-hoc paired comparisons were performed with the Bonferroni adjustment for multiple 




Items that had been previously learned in the learning phase and which were correctly 
recalled during the memory test phase were considered correct responses. Thus, percentage of 
correct responses (for Think, No-Think and Baseline items) was computed according to the 
following formula:  
                                  
                                  
      .  
The behavioral results are summarized in Table 2 and plotted in Figure 2. Two-way 
ANOVA with the factors Condition (Baseline, No-Think) and Content (Alcohol, No-
Alcohol) revealed the expected bellow-baseline recall effect: recollection of No-Think items 
(61.2 % ± 20.8) was significantly reduced in comparison with Baseline items (74.2 % ± 19.3; 
F(1,19) = 6.16, p = .023, ηp
2
 = .24) after 10 trial repetitions, replicating the classical 
behavioral findings typically reported in the TNT paradigm (e.g., Anderson and Green, 2001; 
De Vito and Fenske, 2017; del Prete et al., 2015; Kim and Yi, 2013; Levy and Anderson, 
2008; Noreen and MacLeod, 2013). No significant effects for Content (F(1,19) = .07, p = .79) 
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the Think condition (74.4% ± 17.8) was significantly increased when compared to the No-
Think condition [F(1,19) = 6.52, p = .019, ηp
2
 = .26] but did not differ significantly from 
Baseline [F(1,19) = .16, p = .90]. Additionally, planned comparisons in the form of paired-
samples t-tests revealed lower recall for Alcohol No-Think items (29.6 % ± 11.8) as 
compared to recall for No-Alcohol Think items (39.2 % ± 9.1; t(19) = 3.25, p = .004) and 
Alcohol Baseline items (38.6 % ± 13.0; t(19) = 2.49, p = .022).  
Items that were only partially learned during the learning phase (i.e., memory for only 
one or two of the three questions) were also analyzed and their results are reported in the 
Supporting Information section and summarized in Table S1. 
ERP Results 
The grand averages of ERPs for Think (Alcohol and No-Alcohol) and No-Think 
(Alcohol and No-Alcohol) conditions are shown in Figures 4 and 5. Analysis of the LPP 
component revealed a marginally larger amplitude in the Think condition as compared to the 
No-Think condition [F(1,19) = 4.02, p = .059, ηp
2 
= .17]. The Content factor showed 
significant effects [F(1,19) = 15.04, p < .001, ηp
2 
= .50], with larger amplitudes for no-alcohol 
than for alcohol images. In addition, a significant interaction between Condition x Region 
was found [F(2,38) = 4.89, p = .013, ηp
2 
= .20], and post-hoc analysis showed that amplitudes 
were larger for the Think condition than for the No-Think condition but only in the left 
[F(1,19) = 6.12, p = .023, ηp
2 
= .24] and midline [F(1,19) = 5.64, p = .028, ηp
2 
= .23] parietal 
regions, replicating the left parietal effect classically observed during memory suppression in 
the TNT paradigm (e.g., Bergström et al., 2007, 2009b; Cano and Knight, 2016; Depue et al., 
2013; Hanslmayr et al., 2009). There was also a significant interaction between Condition x 
Content x Region [F(2,38) = 3.80, p = .031, ηp
2 
= .17], with this interaction appearing to be 
driven by the increased LPP amplitude for no-alcohol pictures relative to alcohol pictures at 
midline [F(1,19) = 4.90, p = .039, ηp
2 
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parietal regions in the Think condition and at left [F(1,19) = 5.80, p = .026, ηp
2 
= .23] and 
midline [F(1,19) = 4.91, p = .039, ηp
2 
= .20] parietal locations in the No-Think condition. 
Guided by the behavioral results and with the aim of directly examining the No-
Alcohol Think and the Alcohol No-Think conditions, we conducted an ANOVA with 
Condition/Content (No-Alcohol Think, Alcohol No-Think), Region (Left, Midline, Right) 
and Electrode (two electrodes) as factors. The results showed a significant effect of 
Condition/Content [F(1,19) = 10.23, p = .005, ηp
2
 = .35]; the amplitude of LPP for No-
Alcohol Think condition was significantly larger than for the Alcohol No-Think condition.   
Analysis of the N2 component showed significant effects for the Content factor 
[F(1,19) = 37.90, p < .001, ηp
2
 = .66], with increased N2 amplitude (i.e., N2 became more 
negative) for no-alcohol in comparison with alcohol images. The Region factor also showed 
significant effect [F(2,38) = 5.70, p = .007, ηp
2
 = .23], with further analysis revealing larger 
N2 amplitude in the midfrontal regions than left frontal regions [F(2,18) = 8.24, p = .003, ηp
2
 
= .48]. Comparison between Think and No-Think conditions did not show significant main 
effects or interactions. 
Analysis of the FSW revealed a significant main effect of Condition [F(1,19) = 15.03, 
p = .001, ηp
2
 = .44], with larger FSW negativity for the Think trials in comparison with No-
Think trials, and Content [F(1,19) = 7.62, p = .012, ηp
2
 = .29], where no-alcohol images 
elicited larger FSW negativity than alcohol images. No significant interactions were found 
involving the Condition factor. 
 
4. Discussion 
This study is the first to examine the memory suppression capacity in alcohol-related 
contexts in healthy young subjects. Using a modified version of the TNT paradigm –the 
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procedure: recall for items instructed to be suppressed was significantly diminished as 
compared to baseline items, with some evidence that this reduction was more pronounced for 
alcohol-related memories. ERP analysis further revealed that compared to attempts of 
recollection, attempts of memory suppression were associated with reduced LPP, primarily at 
left and midline parietal regions, and with augmented FSW, which also mirrored previous 
EEG studies focused on avoidance of unwanted memories (Bergström et al., 2007; 
Mecklinger et al., 2009; Waldhauser et al., 2012). 
Voluntary forgetting of previously learned material is a widely documented 
phenomenon. As mentioned above, research has shown that only a few attempts of 
suppression (between 5 and 10) are sufficient to impair memory of items learned a short time 
before (see Anderson and Hanslmayr, 2014; Banich and Depue, 2015 for recent reviews). 
This ability seems to further improve throughout childhood (Paz-Alonso et al., 2009) and to 
diminish in older adulthood (Anderson et al., 2011; Murray et al., 2015) and it has been 
reported from different modalities –visual and auditory (e.g., Cano and Knight, 2016; 
Gagnepain et al., 2017)- and using various types of stimuli, such as words, images or even 
autobiographical reminiscences (De Vito and Fenske, 2017; Depue et al., 2006; Hanslmayr et 
al., 2010; Noreen and MacLeod, 2013; Stephens et al., 2013). 
Since the prominent work by Depue and cols. (2006, 2007), several TNT studies have 
used images as to-be-forgotten targets and most of them have replicated the findings initially 
obtained with verbal material (e.g., Benoit et al., 2016; Detre et al., 2013; Gagnepain et al., 
2014). However, to date no study had used images of alcoholic and non-alcoholic beverages 
to examine the memory suppression abilities. Thus, this is the first study with alcohol-related 
material that replicates the results reported by Anderson and Green (2001). Specifically, we 
noted that No-Think instructions gave rise to lower recollection in the memory test phase 
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suppressed and thus acted as a behavioral baseline. Furthermore, we observed that memory 
impairment in the TNTA task was more prominent for items associated with alcohol images 
than for items associated with no-alcohol images, which seems to suggest that young healthy 
subjects with low to no alcohol use are more prone to forget alcohol-related material. 
Alcohol images selected for this study were rated as being less pleasant and arousing 
by a similar sample of healthy college students with low or no alcohol use when compared to 
age-matched risky drinkers (López-Caneda and Carbia, 2018). Thus, due to its low emotional 
salience, it is likely that suppression of alcohol-related memories might have been 
intrinsically easier because these memories were less encoded, consolidated and, ultimately, 
retained than were no-alcohol ones. This result seems to fall in line with literature showing 
recollection impairment (i.e., augmented suppression) for low valence/unpleasant items 
compared to neutral or positive items (Depue et al., 2006; Joorman et al., 2005; Lambert et 
al., 2010; but see van Schie et al., 2013). Future studies should clarify if the opposite is true 
for subjects with high levels of alcohol consumption (e.g., binge drinkers or alcohol-
dependent individuals), namely, whether images with alcohol content are harder to 
voluntarily eliminate from consciousness. 
The electrophysiological results also revealed some of the ERP correlates typically 
associated with the suppression and recollection processes involved in the TNT task. First, 
we found that the amplitude of the LPP over left and midline parietal regions was reduced for 
No-Think items as compared to Think items. This parietal positivity is considered to reflect 
the cortical activity supporting the representation of recollected information, i.e., the lower 
the amplitude, the lower the amount or quality of information retrieved (Vilberg et al., 2006; 
Wilding and Ranganath, 2012). Thus, the lower LPP amplitude  observed for No-Think trials 
relative to Think trials may constitute an index of the reduction in the amount of conscious 
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reported a diminished parietal positivity in comparable time windows for No-Think relative 
to Think material (Bergström et al., 2007, 2009a; Cano and Knight, 2016; Chen et al., 2012; 
Depue et al., 2013; Mecklinger et al., 2009; Waldhauser et al., 2012; Zhang et al., 2016). In 
the same line, the lower LPP amplitude for suppressed alcohol-related memories than for 
recalled non-alcohol related memories might be indicative of a decrement in the amount of 
conscious recollection devoted to alcohol relative to no-alcohol material, which is also 
congruent with the behavioral evidence: Alcohol No-Think items displayed lower 
recollection rates than No-Alcohol Think items.  
Regarding the N2 component, we failed to find significant differences between the 
Think and No-Think conditions. Hence, our results do not support the notion that the fronto-
central N2 is involved in the avoidance of memory retrieval (Bergström et al., 2009a; Chen et 
al., 2012; Mecklinger et al., 2009). Rather, the similarities between N2 waveforms for both 
Think and No-Think conditions seem to indicate that this component would be more linked to 
familiarity-related recognition than to suppression of information. Accordingly, familiarity is 
often operationally defined as information that supports recognition in the absence of 
recollection (Mickes et al., 2009; Rugg and Curran, 2007) and it is suggested that its ERP 
correlate is a mid-frontal negative deflection peaking between 300-500 ms after stimulus 
onset –usually called the FN400 or mid-frontal old/new effect- (Curran and Hancock, 2007; 
Friedman and Johnson, 2000; Turk et al., 2018). The FN400, which topographically and 
temporally resembles the N2 component recorded in the present study, discriminates between 
non-studied (unfamiliar) versus studied (familiar) items (Curran and Cleary, 2003; Tsivilis et 
al., 2015; Woodruff et al., 2006). In the present study, it can be assumed that both types of 
items (Think and No-Think) were equally familiar, as both had been previously studied and 
learned, so the absence of differences in the N2 amplitude between these two conditions leads 
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to retrieval suppression. However, further studies are necessary to determine whether the 
effect of familiarity may account for the convergent N2 findings observed in the Think and 
No-Think conditions.  
On the other hand, the fact that N2 for alcohol and no-alcohol memories differed in 
amplitude might constitute an evidence for attentional differences that follow from viewing 
emotional content (Vuilleumier, 2005). Consistent with this idea, studies have generally 
found that, because of their motivational significance, emotionally salient stimuli elicit larger 
N2 amplitudes than neutral stimuli –though there are mixed reports as to whether this effect 
is equal for both pleasant and unpleasant stimuli- (Carretié et al., 2004; Hajcak et al., 2012; 
Olofsson et al., 2008). Thus, it is possible that the augmented N2 for non-alcoholic items 
(which were rated as more pleasant and arousing by N/LDs) is reflecting “attentional 
capture” or increase in the allocation of attentional resources toward non-alcohol related 
stimuli. Future studies directly comparing alcohol and no-alcohol memories between light 
and heavy drinkers might help to clarify the electrophysiological profile linked to this type of 
stimuli.  
Finally, as predicted, to-be-suppressed items elicited more positive (although with 
slightly negative values) FSW relative to to-be-recalled items. Previous findings have also 
remarked that this slow and frontally focused component is increased during attempts of 
suppression when compared to efforts for recovering information (Bergström et al., 2007; 
Mecklinger et al., 2009; Waldhauser et al., 2012), which has been considered to reflect 
control mechanisms responsible for regulating competing memory traces in order to prevent 
unwanted memories (Mecklinger, 2010; Mecklinger et al., 2009; Waldhauser et al., 2012). 
Consistent with the literature, our results provide additional support in favor of this frontally 
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The present study displays some limitations that deserve consideration. Firstly, the 
limited sample size could undermine the reliability of results, so additional research is needed 
to verify or refute the present findings. Secondly, because the sample consisted solely of 
females, the potential influence of gender was not explored in this study. Therefore, future 
studies should determine possible differences between both sexes. Finally, given that ovarian 
hormones may play an important role on brain function (Derntl et al., 2008; Goldstein et al., 
2005), the lack of control on the menstrual cycle phase is another limitation of this study. 
Despite these potential limitations, the present findings might shed new light on the 
understanding and treatment of alcohol use disorder. Alcohol craving –i.e., the strong 
subjective desire to drink- is recognized as a hallmark of alcohol dependence (American 
Psychiatric Association, 2013). As such, this psychiatric condition has been associated with 
increased reactivity to alcohol-related stimuli as well as with deficits in cognitive regulation 
of cue-induced craving (Heinz et al., 2009; Jasinska et al., 2014; Naqvi et al., 2015; Seo et al., 
2013). The craving experience can be elicited by intrusive memories or thoughts about 
alcohol, which are often triggered by external cues such as alcohol billboards or social 
settings where alcohol is frequently consumed (Kavanagh et al., 2005; May et al., 2004; 
Verdejo-García and Bechara, 2009). Bearing this in mind, it can be suggested that an increase 
in the ability to exercise control over these thoughts could lead to a reduction in craving and, 
ultimately, in alcohol consumption. In this sense, previous studies have demonstrated that 
(motor) inhibition training can reduce alcohol intake (Houben et al., 2011, 2012; Jones and 
Field, 2013). Likewise, recent research has shown that memory suppression training enhances 
the ability to selectively forget unpleasant memories in both healthy subjects (Küpper et al., 
2014) and depressed individuals (Joorman et al., 2009). However, the memory suppression 
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training for reducing alcohol craving/drinking levels remain unexplored. Hopefully, 
development of the TNTA task may be a first step to fill this gap.  
In conclusion, our results replicate and extend previous behavioral and ERP findings 
on the suppression-induced forgetting effect using a modified version of the TNT paradigm, 
the TNTA task. As such, the general finding described by Anderson and Green (2001) was 
also observed in the present study: a decline in the recall of No-Think items relative to the 
baseline condition, which seemed to be more prominent for alcohol-related material. In 
addition, mirroring ERP studies, attempts of memory suppression –relative to attempts of 
recollection- were associated with attenuated left parietal positivity –more pronounced for 
alcohol-related memories- (possibly indicating reduced conscious recollection) as well as 
with an increased slow frontal activity (suggesting strategic control on unwanted memories in 
order to decrease its accessibility). These findings may have significant implications as they 
clearly demonstrate that the TNTA task may be a useful instrument to measure the ability to 
suppress alcohol-related memories. Investigation concerning the extent to which heavy 
alcohol drinkers or individuals with alcohol abuse may have difficulties to suppress alcohol-
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Figure Legends 
 
Figure 1. Depiction of the Think/No-Think Alcohol task. During the learning phase, 
participants are asked to associate and memorize 36 object-beverage pairs. Subsequently, 
only the neutral object is presented and participants have to try to remember the target 
(alcohol/no-alcohol image) that was associated with the cue (neutral image). After verifying 
at least 60% successful recollection, they move on to the Think/No-Think phase. In the Think 
condition (neutral images with a green frame) participants are instructed to “think of the 
previously learned picture and keep it in mind during the entire presentation”. In the No-
Think condition (neutral images with a red frame) they are asked “not to let the previously 
associated picture enter your consciousness”. All the images are presented for 4 seconds and 
repeated 10 times. During the memory test phase, the 36 neutral images are presented again, 
including the 12 pictures of the baseline condition which had not been presented in the TNT 
phase. Participants are asked to recall –answering the same three questions of the learning 
phase- the target image that was initially associated with the cue. 
 
Figure 2. Bar plot showing recall accuracy for Think, No-Think and Baseline conditions. *p 
≤ .05 
 
Figure 3. Bar plot showing recall accuracy for Alcohol Think, No-Alcohol Think, Alcohol 
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Figure 4. Grand average of event-related potentials for Think (green line) and No-Think (red 
line) conditions. Shaded in grey are depicted the three components analyzed: N2, frontal slow 
wave (FSW) and late parietal positivity (LPP). Averages are presented for Fz, F4, FCz, FC4, 
P3, Pz, PO3 and POz electrodes. 
 
Figure 5. Grand average of event-related potentials for No-Alcohol Think (green line), 
Alcohol Think (dashed green line), No-Alcohol No-Think (red line) and Alcohol No-Think 
(dashed red line) trials. Shaded in grey are depicted the three components analyzed: N2, 
frontal slow wave (FSW) and late parietal positivity (LPP). Averages are presented for Fz, 






Age  24.4 ± 4.2 
Handedness (right/left) 20/0 
Caucasian ethnicity (%) 100 
Regular use of cannabis (≥ once a week) 0 
Use of illegal drugs (except cannabis) 0 
Age of onset of regular drinking 16.1 ± 3.6 
Drinks in a standard week 2.2 ± 3.0 
Global Severity Index score (SCL-90-R) 0.2 ± 0.2 
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Table 2 
 Alcohol Images No-Alcohol Images Total 
Think 35.8 ± 14.7 39.2 ± 10.1 74.4 ± 17.8 
Baseline 38.6 ± 13.0 35.6 ± 13.8 74.2 ± 19.3 





Table 1. Demographic and drinking characteristics of the sample (mean ± SD). 
Table 2. Recall accuracy (%) for Think, Baseline and No-Think items (Total, Alcohol 
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